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UDQJH IRU D ORQJ WLPH7KLFN LFHFRDWLQJRQ WKH WUDQVPLVVLRQ OLQHVPD\ FDXVH VHULRXV DFFLGHQWV LQSRZHU V\VWHP
7KHUHIRUHLWLVRIJUHDWLPSRUWDQFHWRPRQLWRUWKHRYHUKHDGWUDQVPLVVLRQOLQHVLFHFRDWLQJVWDWXVDQGWUDQVPLWUHDO
WLPH LFHFRDWLQJ GDWD WR WKH SRZHU V\VWHP GLVSDWFK DQG FRQWURO FHQWHU E\ FRPPXQLFDWLRQ FKDQQHO 7KH
FRPPXQLFDWLRQFKDQQHO FDQEHZLUHGQHWZRUNRUZLUHOHVVQHWZRUN1RZDGD\V WKHZLUHOHVVQHWZRUNKDVEHFRPHV
PRUHDQGPRUHSRSXODUDQGLV WKHIXWXUH WUHQG&XUUHQWO\ WKHPDLQPHDQVRIZLUHOHVVFRPPXQLFDWLRQQHWZRUN LQ
VKRUWGLVWDQFHDUHLQIUDUHG:L)LKRPH5)%OXHWRRWK=LJ%HHHWF$PRQJWKHPWKHLQIUDUHGLVDSRLQWWRSRLQW
WUDQVPLWDOWKRXJKLWKDVJRRGVSHHGLWVWUDQVPLWOLQHLVOLNHO\WREHEORFNHGE\RWKHUREMHFWV,WDOVRKDVGLIILFXOWLHV
LQEXLOGLQJDIOH[LEOHZLUHOHVVFRPPXQLFDWLRQIRULWVHIIHFWLYHFRPPXQLFDWLRQUDQJHLVMXVWDERXWPHWHUV:L)L
KDVWKHDGYDQWDJHVRIKLJKWUDQVPLWUDWHDQGZLGHHIIHFWLYHFRPPXQLFDWLRQUDQJHZKLFKFDQUHDFKPHWHUVLQD
IORDWDUHDEXWLWLVEDVHGRQWKHEVWDQGDUGZLWKDKLJKFRVWDQGKLJKSRZHUFRQVXPSWLRQ,WFDQMXVWZRUN
IRU  KRXUV EHIRUH LWV EDWWHULHV EH FKDUJHG DJDLQ VR:L)L LV QRW VXLWDEOH IRU WKH ORQJWLPHZRUNLQJZLUHOHVV
FRPPXQLFDWLRQQHWZRUNZKLFKZRUNHG LQ WKHH[WUHPHZHDWKHU+RPH5)KDVD VKRUWFRPLQJ LQDQWLLQWHUIHUHQFH
%OXHWRRWK¶V HIIHFWLYH FRPPXQLFDWLRQ UDQJH FDQ UHDFKXS WRPHWHUVEXW LWVEDVLF VWUXFWXUHEDVHGRQPLFURJULG
OHDGLQJWRWKHUHVXOWWKDWD%OXHWRRWKFRRUGLQDWRUFDQMXVWDOORZVODYHGHYLFHVWRFRPPXQLFDWHZLWKLWVRLWFDQQRW
EHXVHGWREXLOGDZLUHOHVVFRPPXQLFDWLRQQHWZRUNLQODUJHDUHDSRZHUV\VWHP2QWKHRWKHUKDQG=LJ%HHKDVWKH
DGYDQWDJHV RI ODUJH HIIHFWLYH FRPPXQLFDWLRQ UDQJH ORZSRZHU FRQVXPSWLRQ DQG ODUJH QHWZRUN FDSDFLW\7DNLQJ
DFFRXQW RI WKH ZRUNLQJ HQYLURQPHQW DQG =LJ%HH¶V DGYDQWDJHV WKLV SDSHU GHVLJQV D VFKHPH WR EXLOG D ZLUHOHVV
FRPPXQLFDWLRQPHVKQHWZRUNEDVHGRQ=LJ%HHWHFKQRORJ\,WFDQEHXVHGWRWUDQVPLWWKHUHDOWLPHLFHFRDWLQJGDWD
RIWUDQVPLVVLRQOLQHV
7KLV SDSHU SURSRVHG WKDW XVLQJ WKH =LJ%HH WHFKQRORJ\ WR HVWDEOLVK D =LJ%HH ZLUHOHVV FRPPXQLFDWLRQ PHVK
QHWZRUNDQGVHQGWKHFRDWLQJLFHGDWDFROOHFWHGE\VHQVRUVWR=LJ%HH5RXWHUVYLD=LJ%HH7HUPLQDOVDQGWKHQWKH
GDWDZLOOEHWUDQVIHUUHGWRWKH=LJ%HH&RRUGLQDWRUVE\=LJ%HH5RXWHUVDQGVHQGWRWKH0RQLWRULQJ&HQWHUDWODVW,Q
WKLVFDVH=LJ%HH WHFKQRORJ\DQG WKHDGYDQWDJHVRIVHOIKHDOLQJDELOLW\RIPHVKQHWZRUNFDQEHFRPELQHGZKLFK
PDNHVWKHWUDQVPLVVLRQRIWKHFRDWLQJLFHGDWDPRUHUHOLDEOHDQGVDIHU
=LJ%HHWRSRORJ\VWUXFWXUH
2.1. Device classification of ZigBee
6LQFH=LJ%HHDELGHVE\ WKHZLUHOHVVQHWZRUNVSHFLILFDWLRQVWLSXODWHGE\,((SURWRFRO LWVQRGHV LQ WKH
QHWZRUNFDQEHGLYLGHGLQWRIXOOIXQFWLRQDQGUHGXFHGIXQFWLRQQRGHVDFFRUGLQJWR,((0HDQZKLOHRQWKH
EDVLVRIIXQFWLRQLWVQRGHVFDQDOVREHFODVVLILHGLQWR=LJ%HHFRRUGLQDWRUURXWHUDQGWHUPLQDOGHYLFH7KHILUVWWZR
FDQ FRPPXQLFDWHZLWK DQ\ GHYLFHVZKLOH WKH WKLUG RQH FDQ RQO\ H[FKDQJH LQIRUPDWLRQZLWK WKH URXWHUZKLFK LV
FRQQHFWHGWRLW,QIRUPDWLRQH[FKDQJHEHWZHHQWZRWHUPLQDOGHYLFHVHYHQQHHGVWRGHSHQGRQWKHURXWHUWRWUDQVPLW
(DFKNLQGRIWRSRORJ\VWUXFWXUHKDVLWVRZQDGYDQWDJHVDQGGHIHFWVIRUWKDWWKHUHLVGLIIHUHQWDPRXQWRIQRGHV7KH
IROORZLQJ LV VRPH DQDO\VLV DQG FRPSDULVRQRQGLIIHUHQW=LJEHH WRSRORJ\ VWUXFWXUHZKLFKZLOO KHOS XV WR FKRRVH
FRUUHFWQHWZRUNVWUXFWXUHDQGXQGHUVWDQGWKHFKDUDFWHULVWLFRIWKHVHWRSRORJLHV
2.2. ZigBee network topology structure 
1HWZRUNWRSRORJ\VWUXFWXUHRI=LJ%HHFDQEHGLYLGHGLQWRVWDUWUHHDQGQHWFRQILJXUDWLRQ
6WDU VWUXFWXUH$V WKH VLPSOHVW RQH DPRQJ WKH WKUHH LWV FHQWHU LV=LJ%HH FRRUGLQDWRUZLWK WKH WHUPLQDO GHYLFH
GLUHFWO\FRPPXQLFDWLQJZLWKWKHFRRUGLQDWRU7KHFRRUGLQDWRULVUHVSRQVLEOHIRUWUDQVPLWWLQJLQIRUPDWLRQLIWKHUHLV
FRPPXQLFDWLRQEHWZHHQWZRWHUPLQDOV$OWKRXJKVWDUVWUXFWXUHLVSUHWW\VLPSOHDQGORZFRVWLWLVSRRULQIOH[LELOLW\
,I WKHUH DUH WRRPDQ\ QRGHV WKH FRRUGLQDWRUZLOO EH RYHUEXUGHQHG$QG LI WKHUH DUH QRW HQRXJK QRGHV WKHQ WKH
FRPPXQLFDWLRQ QHWZRUN ZLOO QRW EH VR HIIHFWLYH 7KHUHIRUH VWDU VWUXFWXUH FDQ QRW DSSO\ WR WKH ZLUHOHVV
FRPPXQLFDWLRQQHWZRUNFRQVWUXFWLRQXQGHUWKHVLWXDWLRQRILFHGLVDVWHU
7UHHVWUXFWXUH7UHHVWUXFWXUHLVPRUHFRPSOLFDWHGWKDQVWDUVWUXFWXUH,WFRQWDLQV=LJ%HHFRRUGLQDWRUDQGURXWHU
ZKLFKFDQFRPPXQLFDWHZLWKERWKWHUPLQDOVDQGFRRUGLQDWRU6XFKNLQGRIURXWLQJDSSURDFKLVYHU\VLPSOHDQGFDQ
H[SDQGQHWZRUN FRYHUDJH DUHD+RZHYHU WKLVPRGHO VWUXFWXUH LVZLWKKLJKHU ULVNXQGHU H[WUHPHZHDWKHU IRU WKDW
RQFHWKHUHLVDQRGHGLVFRQQHFWHGIURPQHWZRUNRWKHUQRGHVZKLFKFRQQHFWHGWRLWZLOODOVRIDOORII
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1HWVWUXFWXUH 1HW VWUXFWXUH LV WKHPRVWFRPSOLFDWHGRQHDPRQJ WKH WKUHH5RXWHUQRGHV LQ WKLV VWUXFWXUHKDYH
HTXDOVWDWXV6RLWLVDNLQGRI331KDYLQJWKHFKDUDFWHULVWLFRIDXWRPDWLFHVWDEOLVKPHQWDQGPDLQWHQDQFHIRUWKDWLW
FDQFRPPXQLFDWHZLWKERWKWHUPLQDOVDQGFRRUGLQDWRUEXWDOVRWKHQRGHVZLWKLQLWVRZQFRPPXQLFDWLRQUDQJH,I
WKHUHLVDQ\PDOIXQFWLRQRIRQHQRGHWKHQRGHZKLFKLVFRQQHFWHGWRLWZLOOVHQGLQIRUPDWLRQWRDQRWKHUQRGHZLWKLQ
LWV FRPPXQLFDWLRQ DUHD6XFK IHDWXUH FDQQRWRQO\ HQDEOH LQIRUPDWLRQ WUDQVPLWWHG WKURXJKYDULRXVSDWKZD\V EXW
DOVRLPSURYHVHFXULW\
7KHDSSOLFDWLRQEDFNJURXQGRI=LJ%HHZLUHOHVVFRPPXQLFDWLRQQHWZRUNLQWKLVSDSHULVPRQLWRULQJLFHFRDWLQJ
WKLFNQHVVLQIRUPDWLRQXQGHULFHFRQGLWLRQLQORQJWLPHDQGZLGHUDQJH7KHUHIRUHLQRUGHUWRPDNHVXUHWKDWGHYLFHV
FDQ UHVLVW LQWHUIHUHQFH IURP UXJJHG HQYLURQPHQW ZH VKDOO VHOHFW QHW VWUXFWXUH ZKLFK PRVW FRQIRUPV WR WKH
UHTXLUHPHQW RI HOHFWULFDO SRZHU V\VWHP RQ FRPPXQLFDWLRQ VWDELOLW\ DQG FRPPXQLFDWLRQ GHYLFH WR UHVLVW H[WHUQDO
IRUFH7KLVNLQGRIZLUHOHVVFRPPXQLFDWLRQVWUXFWXUH LVHTXLSSHGZLWKH[WUHPHO\VWURQJDGDSWDELOLW\DQGSUDFWLFDO
YDOXH
=LJ%HHQHWZRUNFRPPXQLFDWLRQSURFHVV
3.1. Function of ZigBee protocol stack and main layer  
7KH DUFKLWHFWXUH GLDJUDP RI =LJ%HH SURWRFRO VWDFN LV VKRZQ LQ )LJ  7KLV SDSHU ZLOO QDUUDWH WKH ZLUHOHVV
QHWZRUNLQJSURFHGXUHWKURXJKH[SUHVVLQJ3+<0$&QHWZRUNOD\HUDQGDSSOLFDWLRQOD\HU

)LJ3URWRFDOVWDFNIUDPHGLDJUDPRI=LJ%HH
3+</RFDWHGLQWKHERWWRPOD\HURI=LJ%HHSURWRFROVWDFNLWLVXVHGWRGHILQHWKHFRQQHFWRUEHWZHHQZLUHOHVV
FKDQQHODQG0$&OD\HUDFWLYDWHDQGXQORFNZLUHOHVVWUDQVPLWWHULQVSHFWFKDQQHOHQHUJ\FKRRVHFKDQQHOIUHTXHQF\
RXWSXWDQGUHFHLYHGDWD
0$&,WLVXVHGWRJHQHUDWHQHWZRUNVLJQDORIFRRUGLQDWRUUHFHLYHGDWDRIQHWZRUNOD\HUWUDQVPLWGDWDEHWZHHQ
HTXLSRWHQWVXEVWDQFHVDQGJXDUDQWHHSRLQWWRSRLQWFRQQHFWLRQLQ=LJ%HHQHWZRUN
1HWZRUN OD\HU DV WKH FRUH RI =LJ%HH SURWRFRO LW FDQ RSHUDWH0$& OD\HUZLWK WKHPDLQ IXQFWLRQ RI SURYLQJ
VHUYLFHFRQQHFWRUWRDSSOLFDWLRQOD\HUJLYLQJVHFXULW\WKDWWKHFRRUGLQDWRUDQGURXWHUZLOODOORZGHYLFHVMRLQDQGTXLW
WKHQHWZRUNFRQWUROOLQJUHFHLYHU¶VLQLWLDWLRQDQGUHFHLYLQJWLPH
$SSOLFDWLRQOD\HU,WLVPDLQO\XVHGWRPDLQWDLQELQGLQJWDEOHWUDQVPLWWLQJLQIRUPDWLRQEHWZHHQERXQGGHYLFHV
GHILQHWKHUROHRIGHYLFHLQQHWZRUNHVWDEOLVKVHFXULW\UHODWLRQVEHWZHHQQHWZRUNGHYLFHVHWF
3.2. New network establishment by ZigBee router 
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7KHQHWZRUNLQJSURFHGXUH LV VKRZQ LQ)LJZKHQRQHQRGH LV WKH URXWHUQRGHZKLFKKDVQRW\HWHVWDEOLVKHG
QHWZRUN
)LUVWO\WKHQHWZRUNOD\HURIWKLVFRRUGLQDWRUZLOOVHQGHQHUJ\FKDQQHOLQVSHFWLRQVLJQDOWR0$&OD\HU7KH0$&
OD\HUZLOODXWRPDWLFDOO\FKHFNZKHWKHUWKHUHLVHQHUJ\FKDQQHOWKDWKDVDOORZDEOHHQHUJ\OHYHO,IWKHUHLVQRWVXFK
RQHFKDQQHOLWZLOOPDNHRQHVLJQDOJHWEDFNWRDSSOLFDWLRQOD\HULIWKHUHH[LVWVLWZLOOFKRRVHDVXLWDEOHRQHDQG
GLVWULEXWHD3$1,GYDOXHDQGMXGJHLWZKHWKHU WKHUH LVFRQIOLFWZLWKWKHRULJLQDO$31,G,I\HVDQRWKHUUDQGRP
DQG XQLTXH YDOXH ZLOO EH REWDLQHG DJDLQ 1H[W WKH QHWZRUN OD\HU ZULWHV WKLV YDOXH LQWR 0$& OD\HU¶V 3$1,'
DWWULEXWH WRJHWKHUZLWK WKHDGGUHVVRIFRRUGLQDWRU)LQDOO\QHWZRUN OD\HU LQIRUPVDSSOLFDWLRQ OD\HU WRRSHUDWHQHZ
QHWZRUN7KXVWKHQRGHKDVHVWDEOLVKHGDQHZQHWZRUNZKLFKLVDFFHVVLEOHWRGHYLFHV

)LJ)ORZFKDUWRI=LJ%HHURXWHUWRHVWDEOLVKQHZQHWZRUN
)$2'9-5=LJEHHPHVKQHWZRUNDOJRULWKP
)$2'9MU DOJRULWKP LV WKH LPSURYHG HGLWLRQ RI $2'9MU$G KRF 2Q'HPDQG 'LVWDQFH9HFWRU 5RXWLQJ
&RPSDUHGZLWK WKH ODWWHU RQH WKH IRUPHU DOJRULWKP KDV DGYDQWDJHV RI ORZHU FRQVXPSWLRQ RI HQHUJ\ DQG KLJKHU
VXUYLYDOUDWHRIQRGHV
)$2'9MUDOJRULWKPFDQKHOSWRGLVWLQJXLVKZKLFKQRGHLVODFNRIHQHUJ\DQGZKLFKRQHLVDEXQGDQWDFFRUGLQJ
WR WKH UHVW HQHUJ\ DQG OHYHORI HQHUJ\ WKUHVKROGSDUWLWLRQQRGH0HDQZKLOH LWZLOOPDNH WKHQRGHZLWK VXIILFLHQW
HQHUJ\SOD\PDLQURXWLQJUROHWRGHFUHDVHWKHDPRXQWRIGLHGQRGHVUHGXFLQJQRGHGHDWKUDWH
,Q)$2'9MUDOJRULWKPDQHQHUJ\ WKUHVKROG QxE LV VHWZKLFK LVG\QDPLFDOO\XSGDWHGDQGGHILQH WKDW WKHQRGH
ZKRVH UHVW HQHUJ\ LV PRUH WKDQ QxE LV FRQVLGHUHG DV VXIILFLHQW HQHUJ\ QRGH ZKLOH OHVV DV GHILFLHQW QRGH 7KH
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VXIILFLHQWRQHZLOOEHXVHG WR WUDQVPLWGDWD7KHGHILFLHQWRQHXVHGRQO\ WR WUDQVIHUGDWDSDFNHWRI WKHGHVWLQDWLRQ
QRGHZLWKLQRQHNLQGRIUDQJHRUUHFHLYHGHVWLQDWLRQQRGH¶VRZQGDWDJURXSLQJ&DOFXODWH QxE DVIROORZV
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:KHQn  WKHQ  xE EH DQG xE LVWKHLQLWLDOHQHUJ\WKUHVKROGVHWE\WKHQHWZRUNH LVWKHVSHFLILFFRHIILFLHQW
WRDGMXVW WKHVHWWLQJRI WKHLQLWLDO WKUHVKROG Q xE  VWDQGVIRU WKHHQHUJ\WKUHVKROGEHIRUHXSGDWHDQGV LVDFHUWDLQ
FRHIILFLHQWWRFRQWUROGHFUHDVLQJVSHHGRIWKHHQHUJ\WKUHVKROG totalN LVRQEHKDOIRIWKHWRWDOQRGHDPRXQW,WLVDNLQG
RIFRQVWDQWZKLOHn LVDYDULDEOH6HWWZRLQWHULRUFRXQWHUV&DQG&IRU=LJ%HHFRRUGLQDWRU,IWKHUHLVRQHQRGH
ZKRVH UHVWHQHUJ\ LV ORZHU WKDQ WKHFXUUHQWYDOXH QxE  WKHFRRUGLQDWRU WKHQVKDOO VHQG LQIRUPDWLRQRI WKLVQRGH WR
PDNHWKHFRXQWYDOXHRI&LQFUHDVH$FFRUGLQJWRWKHYDOXHRI&WKHFRRUGLQDWRUFDQFDOFXODWHWKHQXPEHUUDWLRq RIGHILFLHQWQRGHVDQG WKH WRWDOQRGHV6HWD WKUHVKROG  treshold tresholdE E  :KHQ tresholdq E!  WKHFRRUGLQDWRUPDNHV
WKHYDOXHRI&LQFUHDVHDQGn YDOXHLVUHSUHVHQWDWLYHRI&7KXVZKHQn FKDQJHVWRLQFUHDVH QxE YDOXHZLOO
ILQLVKRQHXSGDWH$IWHUZDUGVDGMXVW&WRDQGNHHS&XQFKDQJHG7KHQWKHYDOXHRI QxE FDQEHREWDLQHG
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,W LV NQRZQ IURP QxE FDOFXODWLQJ PHWKRG WKDW DW WKH LQLWLDO VWDJH RI QHWZRUN RSHUDWLRQ HQHUJ\ WKUHVKROG QxE 
GHFUHDVHVVORZO\DQGZKHQQLQFUHDVHVWKHGHFUHDVLQJUDQJHRI QxE YDOXHEHFRPHVVPDOOHUDQGVPDOOHU,QWKHODWHU
SHULRG QRGH HQHUJ\ LV JHQHUDOO\ LQVXIILFLHQW )$2'9MU DOJRULWKP FDQ HQDEOH PRVW RI WKH QRGHV WR SDUWLFLSDWH
URXWLQJ WUDQVPLVVLRQ DV VXIILFLHQW HQHUJ\ QRGHV IRU WKDW LWV HQHUJ\ GHFUHDVLQJ UDQJH EHFRPHV VORZHU DQG VORZHU
6XFKPHWKRGFDQDYRLG WKHSKHQRPHQRQRIQHWZRUNFRQJHVWLRQFDXVHGE\VPDOOTXDQWLW\RIQRGHV WKXV UHGXFLQJ
HQHUJ\ZDVWH
=LJ%HHZLUHOHVVFRPPXQLFDWLRQQHWZRUNLQLFHGLVDVWHU

)LJ6LPXODWLQJJUDSKRI=LJ%HHZLUHOHVVFRPPXQLFDWLRQPHVKQHWZRUN
$VVKRZQLQ)LJLVWKHVLPXODWHGGLDJUDPRI=LJ%HHPHVKZLUHOHVVFRPPXQLFDWLRQQHWZRUN7KHUHZLOOEHLFH
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FRDWLQJRQWUDQVPLVVLRQOLQHVXQGHUWKHKHDY\ZHDWKHUVXFKDVUDLQ\VQRZ\RUIUR]HQIRUORQJWLPHDQGZLGHDUHD
6XFKSKHQRPHQDPD\FDXVHSRZHUWRZHULFLQJDQGWLOWFRQGXFWRUJDOORSLQJIODVKRYHURUHYHQEODFNRXW%HVLGHV
KHDY\ ZHDWKHU FRQGLWLRQ DQG IHDWXUHV RI WUDQVPLVVLRQ OLQH HUHFWLRQ VLWH ZLOO DOVR FDXVH GLIILFXOWLHV LQ UHSDLULQJ
SURFHVVDQGWDNHORQJHUWLPHWRUHSDLUZKLFKPD\FDXVHVVHULRXVLQIOXHQFHRQSHRSOH¶VSURGXFWLRQDFWLYLW\+HQFHLW
LVYHU\LPSRUWDQWIRUXVWRGRDJRRGMRERIPRQLWRULQJZRUNRQWUDQVPLVVLRQOLQH8VHWKH=LJ%HHPHVKZLUHOHVV
FRPPXQLFDWLRQQHWZRUNVKRZQLQ)LJFDQEHDSRWHQWLDOO\HIILFLHQWZD\WRVROYHWKHSUREOHP)LUVWO\FRPELQH
YDULRXVVHQVRUVDQG=LJ%HHUHGXFHGIXQFWLRQFRPSRQHQWVDVWHUPLQDOGHYLFH7KHQLQVWDOOLWRQWKHWUDQVPLVVLRQOLQH
1H[WWKHUHGXFHGIXQFWLRQFRPSRQHQWZLOOWUDQVPLWYDULRXVUHDOWLPHGDWDFROOHFWHGIURPWKHFLUFXLWE\WKHVHQVRUWR
WKH FRQQHFWHG URXWHU 7KH FRQQHFWHG URXWHU ZLOO ILQG RXW WKH EHVW FRPPXQLFDWLRQ SDWKZD\ WKURXJK )$2'9MU
DOJRULWKP$IWHUZDUGVWKHUHDOWLPHGDWDZLOOEHVHQWWRRWKHUUHOHYDQWURXWHUDQGILQDOO\WRWKHFRRUGLQDWRU$QGWKH
FRRUGLQDWRUZLOOWUDQVIHUWKHLQIRUPDWLRQWRPRQLWRULQJFHQWHUWKURXJKZLUHFRPPXQLFDWLRQFDEOH7KXVDFRPSOHWH
LQIRUPDWLRQIORZSDWKKDVLQIRUPHG,QWKLVV\VWHPRQHVDPHPHVVDJHKDVPXOWLSOHFRPPXQLFDWLRQSDWKZD\V(YHQ
WKHUHLVDQ\QRGHPDOIXQFWLRQWKDWFDXVHVIDLOXUHRIRQHWKLVPHVVDJHFDQDOVREHWUDQVPLWWHGWKURXJKRWKHUZD\V,W
LVJUHDWO\KHOSIXOLIWKLVSRLQWFDQEHDSSOLHGWRWUDQVPLVVLRQOLQHPRQLWRULQJV\VWHPLQLFHGLVDVWHU)RUH[DPSOHLI
WKHUH DSSHDUV PHFKDQLFDO PDOIXQFWLRQ RI QRGH  LQ ILJXUH  EHFDXVH RI WRZHU FROODSVH DQG DFFRUGLQJO\ WKH
FRPPXQLFDWLRQSDWKZD\JRLQJWKURXJKQRGHEHWZHHQQRGHDQGDQGFRRUGLQDWRUGLVFRQQHFWVQRGHDQG
ZLOODXWRPDWLFDOO\VHDUFKDGMDFHQWQRGHDQG WRUHVSHFWLYHO\VHQGQHWZRUNLQJUHTXHVW7KHQQRGHDQGZLOO
WUDQVPLWWKHLQIRUPDWLRQWRWKHFRRUGLQDWRUDQGILQDOO\WKHPHVVDJHZLOOEHVHQWWRPRQLWRULQJFHQWHU%HVLGHVWKLV
NLQGRIPHVKZLUHOHVVFRPPXQLFDWLRQQHWZRUNFDQPDNHJRRGXVHRI URXWHU¶V LQIRUPDWLRQ WUDQVPLVVLRQDELOLW\ WR
H[SDQG LWV FRPPXQLFDWLRQ UDQJH UHGXFLQJ GHSHQGHQFH RIZLUHOHVV FRPPXQLFDWLRQ RQ EDVH VWDWLRQ DW WKH SUHVHQW
VWDJHDQGVDYLQJFRVW
&RQFOXVLRQ
7KLVSDSHUSURSRVHGDVFKHPHWRWUDQVPLWUHDOWLPHGDWDRIWUDQVPLVVLRQOLQHLFHFRDWLQJWKLFNQHVVLQLFHGLVDVWHU
EDVHGRQ=LJ%HHZLUHOHVVFRPPXQLFDWLRQPHVKQHWZRUN7DNLQJWKHDGYDQWDJHVRI=LJ%HHWHFKQRORJ\ORZSRZHU
FRQVXPSWLRQVWURQJDQWLLQWHUIHUHQFHDELOLW\IOH[LEOHQHWZRUNLQJORZFRVWVXLWDEOHHIIHFWLYHFRPPXQLFDWLRQUDQJH
DQG PHVK QHWZRUN¶V UHOLDELOLW\ VHOIRUJDQL]DWLRQ DQG VHOIKHDOLQJ WKLV NLQG RI ZLUHOHVV FRPPXQLFDWLRQ PHVK
QHWZRUNVWUHQJWKHQVWKHVDIHW\DQGIRUFHIXOQHVVRIWKHFRPPXQLFDWLRQV\VWHP7KHPHWKRGSURSRVHGLQWKLVSDSHULV
H[SHFWHGWRRIIHUHIILFLHQWHIIHFWVLQPRQLWRULQJDQGHDUO\ZDUQLQJLQWUDQVPLVVLRQOLQHVDVZHOODVEDVLVIRUGLVDVWHU
SUHYHQWLRQDQGHPHUJHQF\UHSDLULQSRZHUV\VWHP

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7KLVZRUNZDVVXSSRUWHGE\WKH1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD
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